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Executive Summary 
 

Consumers Energy used a hydrological model employing a water balance approach to estimate 

the level of water in certain farm fields in Bay County Michigan that do not exhibit wetland 

hydrology or wetland vegetation and, therefore, fail to meet the definition of a wetland under 

Part 303 of the Michigan Natural Resources and Environmental Protection Act, MCL 

324.30301(1)(w).  These farm fields are influenced by numerous physical features that prevent 

soil saturation and inundation, including an extensive series of interior ditches, drains under the 

authority of the Bay County Drain Commissioner, field tiles, levees, and surface water runoff 

diversion.  The fields are also influenced by natural features and water loss mechanisms, such as 

permeable soils, groundwater recharge, evaporation, and evapotranspiration. 

 

This conservative analysis shows that if all of the water pumped from the ditch and drain system 

around these farm fields during the non-growing season were left on the fields, i.e., was not 

removed by pumping, the water level in the soil would not reach within twelve (12) inches of 

the surface for a period of 14 consecutive days during the growing season.  In other words, this 

analysis supports the conclusion that the physical features, natural features, and natural water 

loss mechanisms have resulted in the long-term effective drainage and historical elimination of 

characteristics that are essential to the determination that the fields are wetlands:  wetland 

hydrology and wetland vegetation.  The analysis used to reach this conclusion is supported 

by the materials cited, conservative assumptions regarding physical characteristics of the soil, the 

verification of pump flow rates, an additional site visit to confirm soil permeability, recent 

MDNRE guidance adopting similar calculations for use in permitting, as well as the prior 

converted cropland determination by the Natural Resources Conservation Service and a recent 

jurisdictional determination by the U.S. Army Corps of Engineers issued on January 6, 2010. 

 

Introduction 

 
The purpose of this report is to evaluate the impact of pumping on water levels in several farm 

fields located in Bay County Michigan.  The fields were determined to be prior converted 

cropland by the NRCS and the U.S. Army Corps of Engineers confirmed that the fields were not 

wetlands in a Jurisdictional Determination issued on January 6, 2010.   
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The farm fields are located in Bay County and aerial photographs show that they have been in 

active continuous agriculture since at least the 1930’s and some of the fields were developed for 

agriculture prior to that.  All of the fields are tiled with subsurface tiles in order to provide for 

subsurface drainage.  The outlet for the subsurface drainage is an open drainage ditch that 

surrounds the fields.  Some of the drainage ditches have a pump that is used to remove surplus 

water from the fields in preparation for agriculture by pumping water into drainage ditches 

maintained by the Bay County Drain Commission.  

 

The Michigan Department of Natural Resources and Environment (MDNRE) requested that 

Consumers present evidence that the agricultural fields would not exhibit wetland hydrology if 

the pumps were not operational.  MDNRE presented two options for presenting this evidence 

and left the choice to Consumers regarding which option to choose.  Those two options 

acceptable to the MDNRE to complete this task are: 

 

1. Groundwater Monitoring 

2. Water Balance Model 

 

Consumers Energy is providing this water balance model because the data can be gathered, 

analyzed, and presented much sooner and, at significantly less cost than the groundwater 

monitoring option.  Additionally, unlike groundwater monitoring, this model can be prepared 

without disruption to ongoing farming activities in the area, and without risk of affecting 

drainage for area homes and businesses outside the project area. 

 

In order to satisfy the MDNRE request, Consumers is providing a water budget that answers the 

following question:  If the water that is pumped from the fields during routine agricultural 

practices were left on the fields, what would be the depth to saturation in the fields?  As this 

report explains, the depth to saturation in the fields would not be within the top twelve inches. 

 

Generally, the water budget for an area is a balance of: 

• Precipitation 

• Evapotranspiration 

• Evaporation 

• Surface runoff 

• Groundwater flow 

 

However, in this case, the balance of these inputs and outputs is altered by the presence of 

subsurface drainage systems and perimeter drainage ditches.  While the agricultural drainage 

systems alter the storage volumes somewhat, the volume of water that is pumped from the fields 

is a measure of the surplus water generated during the non-growing season.   Therefore, by 

measuring or estimating the volume of water removed from the field assuming that this volume 

is left on the fields in an unpumped condition, and then utilizing the unpumped volume in a 

water balance model and allocating the volume of water to various storage components, an 

estimate of the depth of saturation in each of the agricultural fields can be developed.  This water 

balance model does not assign a water storage or loss value to groundwater recharge, 

evaporation or evapotranspiration, although data concerning the depth of the groundwater table 

and regional climactic conditions suggest that these mechanisms would remove substantial 
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volumes of water if water were left on the fields instead of being pumped as part of agricultural 

production.  In other words, were these two factors included in the model, they would likely 

demonstrate that water levels in the soil would actually fall even lower during the growing 

season if the fields were left in an unpumped state. 

 

An analogy may be appropriate to understand the basis for the model.  Suppose we have a bucket 

with a known volume of water, for arguments sake, one gallon.  The volume of water in the 

bucket in this analogy represents the volume of water that could be stored in the ditches, tiles and 

soil in the fields.  Furthermore, for this analogy, assume that when the bucket is full that is 

equivalent to a field with a depth to a water table of less than twelve (12) inches, which would 

meet the definition of wetland hydrology.  Water is removed from the bucket by pumping and 

the water level in the bucket is lowered.  If we pour the water that has been removed from the 

bucket back into the bucket we will know whether the bucket is full or not.  Consumers contends 

and demonstrates in this model that the bucket would not be full and, therefore, the wetland 

hydrology definition would not be met. 

 

Methods 

 
The area of each farm field was measured using aerial topographic maps dated 2007.   

 

Soil survey information was obtained from the NRCS web soil survey site 

(http://websoilsurvey.nrcs.usda.gov/app/).  Soil profile information was obtained from the NRCS 

web soil survey, NRCS Technical Reports and confirmed by site specific information obtained 

by ECT personnel. 

 

Precipitation data were obtained from the Essexville station and the Palmer Drought index as 

calculated by National Oceanic Atmospheric Administration. 

 

Dimensions of the drainage ditches were obtained by surveyors and personnel from ECT who 

performed site specific measurements.    

 

The monthly electric usage of each of the pumps was obtained from Consumers Energy using 

meter numbers located on the electric meters at each pump.  This data is considered conservative 

as it assumes that the entire electric load for the meter is based on the pump.  This is not true for 

at least one pump – the one located on Boutell Road where the meter records usage in several 

outbuildings as well as the pump.  This analysis also conservatively presumes that the pumps are 

operating effectively whenever there is electrical usage, which site observations indicate, is not 

the case all the time.  In addition, Consumers personnel spoke directly with local farmers who 

lease and actually farm the fields with regard to the use, if any, of portable pumps to supplement 

the electric pumps installed in the field.  The farmer who leases the northern field west of Jones 

Road reported that in the spring of 2009 he used a portable pump for 48 hours.  The pumped 

volume total for the period he used the portable pump was adjusted by adding the estimated 

volume discharged by the portable pump to the total volume pumped in that period. 

 

Information on the rated horsepower of each pump or pump motor was obtained by inspecting 

the pumps and obtaining information from the plates on the pumps or from farmer interviews.  
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Using the rating of the pumps at each pump station, the hours of operation were calculated.  To 

ensure accuracy of the flow volume, the rate of discharge from the pumps was determined using 

sonic flow meters.  

 

One hundred and sixty one (161) meter readings were recorded in this analysis.  Upon reviewing 

the data, one data point was considered an outlier.  At one pump station located west of Jones 

Road, Consumers and ECT staff as well as MDNRE staff observed during April through 

September of 2009 that the motor was operating, but water was not being pumped due to a 

broken fan belt.   There was excessive electrical usage during this time period when there was no 

water being pumped.  To obtain an estimate of the volume of water discharged at this location 

Consumers averaged the increase in pumping from Sept., 2007-May 2008 and Sept., 2008-May, 

2009 and calculated an average increase between the two periods.  The pumped volume at the 

pump station for the southwestern field along Jones Road for 2007-2008 was increased by the 

average amount in the other fields to obtain the estimate of the pumped volume for 2008-2009.  

. 

Results and Discussion 

 
Precipitation 

The precipitation for the period of study (the year 2009) shows that the area had above average 

precipitation (Table 1). In particular, the precipitation during the months January through April 

was 52% above average.  The Palmer drought index showed that the region was considered 

“unusually moist” during the period of study (Appendix A).  Consequently, if wetland hydrology 

would exist in the farm fields in the absence of pumping, it could be modeled using data from 

this period.  Using the pumped volume from the fields during a period of above average 

precipitation is another example of the conservative nature of the hydrologic model.  

 

Table 1.  Average monthly precipitation for the period 1971-2000 and 2009 monthly 

precipitation at the Essexville station. 

 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

2009 1.58 3.05 2.46 5.25 2.31 4.04 2.62 3.61 1.05 4.08 0.67 0.86 31.58 

Mean 1.77 1.38 2.13 2.84 3.14 3.13 2.41 3.43 3.98 2.69 2.70 1.84 31.44 

 

Soil Characteristics 

The soil information obtained from the NRCS is presented in Table 2 (See Appendix B and C for 

detailed information).   

 

During site visits with MDNRE in the summer of 2009, it was apparent that during excavation of 

several soil pits to a depth of 24-30 inches below the surface, that the soil below the A horizon or 

topsoil was hard and difficult to excavate using hand shovels.  The clogs that that were obtained 

from holes dug in the field were hard and difficult to crumble.  Based on these field conditions, 

MDNRE developed a hypothesis that the B horizon may be a shallow aquitard, which would 

allow shallow perched water conditions to exist in the farm fields that would constitute wetland 

hydrology in the absence of pumping.  However, upon further study and data collection of 

representative conditions, it is clear that soil conditions observed in the farm field in the summer 

of 2009 were localized temporary conditions caused by the drainage system and climatic 

conditions at the time of the study.  The following information and data, which are representative 
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of normal soil conditions of the site, provide a significantly different picture of soil conditions in 

the farm fields compared to the observations made in the summer of 2009. 

 

The soil survey descriptions for these soil types indicate that the soil profile lacks an aquitard.   

The Interim Regional Supplement to the Army Corps of Engineers Manual: North Central and 

Northeast Region defines Aquitard as "a layer of soil or rock that retards the downward flow of 

water and is capable of perching water above it. For the purposes of this supplement, the term 

aquitard also includes the term aquiclude, which is a soil or rock layer that is incapable of 

transmitting significant quantities of water under ordinary hydraulic gradients."  The soil 

profiles for the soils in the farm fields indicate that there are no rock layers to a depth of 80 

inches.  The soil survey descriptions indicate that there may be a layer of loam or sandy loam 

below the A horizon, that is relatively more impermeable than the surface, but the NRCS has 

classified the saturated hydraulic conductivity of these layers as "Moderately High".  The 

underlying soil is considered a loam or sandy soil at various depths below the surface and the 

physical properties of the soil are such that water is not perched above the soil layer.  Thus, the 

sandy loam and loam soils which comprise the soils below the A horizon in these farm fields 

have a moderately high saturated hydraulic conductivity and are not capable of perching water in 

the A horizon and thus do not constitute an aquitard.  Furthermore, the presence of a subsurface 

tile system effectively prevents any perched water from accumulating in the A horizon of the 

farm fields.  Moreover, if an aquitard existed at 12 inches below the soil surface, it would 

prevent significant amounts of water from penetrating to lower depths.  Many of the fields have 

been successfully planted with corn, whose roots normally extend to a depth of approximately 

four feet or more and require adequate moisture at such a depth.  Thus, the successful growth of 

corn on these fields for many decades further substantiates that a significant amount of water 

penetrates to four feet or more below the surface and that the soil above this depth is not acting 

as an aquitard.  

 

Table 2.  The area of soil types present in various fields located in Bay County. 
 

Field Location Essexville loamy 

sand 

Tappan 

loam 

Wixom loamy 

sand 

Total 

Acres 

West of Jones Rd., 

Northern field 

58 23 0 81 

West of Jones 

Rd.,Southern field 

0 71 3 74 

West of Boutell Road 0 40 4 44 

East of Jones Road 43 200 0 243 

East of Weadock 6 118 4 128 

 

More evidence that the Essexville loamy sand and Tappan loam lack an aquitard near the surface 

of the soil comes from a technical report on the physical characteristics of the soils in Tuscola 

County, which is the county immediately to the east of Bay County.  The study reports on over 

60 physical characteristics of various profiles of various soil types to a depth of 160 centimeters.  

The results of the percentage of silt, clay, and sand are summarized in Table 3 and support the 

conclusion that, due to the substantial percentage of sand at all soil depths; the surface soil 

profiles lack an impermeable layer that retards the movement of water. 
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Table 3.  The proportion of clay, silt and sand on a percentage basis for two soils found 

on the Consumers site. From "Characterization data for selected soils of Tuscola 

County, Michigan" Research Note 33. Michigan Technological University. 1984 

 

Soil Series Depth  from 

surface(cm) 

Clay (%) Silt (%) Sand (%) 

Tappan loam 0-22 25.2 20.2 54.6 

 22-29 18.7 27.5 53.8 

 29-45 25.6 30.4 44.0 

 45-160 22.8 36.9 40.3 

     

Essexville loamy sand 0-30 2.9 11.9 85.2 

 30-45 1.4 5.7 92.9 

 45-69 0 2.0 98.0 

 69-85 0.9 1.2 97.9 

 85-160 33.4 46.6 20.0 

Further evidence that an aquitard does not exist near the surface of these farms fields is 

provided by the NRCS.  Saturated hydraulic conductivity, which is a key indicator of the 

permeability of a soil layer, refers to the ease with which pores in a saturated soil transmit 

water.  The estimates provided by the NRCS (http://websoilsurvey.nrcs.usda.gov/app/) are 

expressed in micrometers per second for a particular depth within the soil.  The saturated 

hydraulic conductivity for the three soil types in the fields at a depth between 10 and 40 

inches were as follows: 

 

Essexville loamy sand = 54 micrometers/second 

Wixom loamy sand = 54 micrometers/second 

Tappan loam = 4 micrometers/second 

 

The NRCS has also provided standard classes of saturated conductivity ranging from very 

low to very high.  Using the standard class system developed by NRCS the Essexville loamy 

sand and Wixom loamy sand would be placed in the "High" class and Tappan loam would be 

placed in the "Moderately High" class.  The saturated hydraulic conductivity of the soil types 

comprising the subsurface soil at these farm fields clearly indicates the absence of an 

aquitard. 

 
During the meeting with MDNRE staff on February 26, 2010, MDNRE staff requested that 

the depth of the A horizon be measured at various locations in the farm fields.  In response to 

the request by MDNRE, soil information on the depth of topsoil and underlying soil to a 

depth of 30 inches was collected on March 16, 2010.  The results (Table 4) show that the 

depth of topsoil or A horizon varied with various field locations.  The results also show that 

the underlying soil was consistent with the soil survey description for the farm fields and 

consisted of loamy sands and loam soils having high or moderately high saturated hydraulic 

conductivity. 
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Table 4.  Depth of the A horizon (topsoil) and underlying soil type at various locations 

in the farm fields. 
 

Field Location Depth of A 

Horizon 

(topsoil) inches 

Depth and 

type of 

underlying soil 

(inches) 

Sample Location 

West of Jones 

Rd., Northern 

field 

0-9 inches, dark 

sandy loam 

9-30 inches 

loam 

At the northwest corner of the field across 

from the private drain, 50 feet south of the 

drain and 50 feet west of the drain. 

West of Jones 

Rd., Southern 

field #1 

0-20 inches 

dark loamy 

sand 

20-30 inches 

loam 

North of Arms Road 50 feet and west of 

farm access road 50 feet.  In south east 

corner of the field 

West of Jones 

Rd., Southern 

field #2 

0-17 inches, 

dark sandy 

loam 

17-30 inches 

loam 

North of the service building 100 feet and 

east of Boutell 

West of 

Boutell Road 

0-15 inches, 

dark sandy 

loam 

15-30 inches 

loam 

100 feet west of the opening of the Tacey 

Drain 

East of Jones 

Road, north 

0-12 inches, 

dark sandy 

loam 

12-20 inches 

sand, 

20-30 inches 

loam 

East of Jones Road, 25 feet of third 

telephone pole leading to oil pump. 

Approx. 200 feet north from oil storage 

area 

East of Jones 

Road, south 

0-12 inches, 

dark sandy 

loam 

12-30 inches 

loam 

East of Jones Road, 100 feet east of 

private drain and 25 feet south of the small 

drain leading from field pump 

East of 

Weadock 

0-13 inches 

dark sandy 

loam 

13-27 inches 

loam, 27-30 

inches sandy 

loam 

100 feet east of the manhole in the 

southern portion of the field 

 

In summary, the NRCS soil survey data show that the farm fields are comprised of Tappan loam, 

Essexville loamy sand and Wixom loamy sand and the soil survey information was confirmed 

during field surveys during 2008, 2009 and 2010. Furthermore NRCS data show that the 

subsurface soil for the Tappan loam is approximately 40-50% sand and the subsurface soil for 

Essexville and Wixom soils were in excess of 90% sand, which was confirmed by ECT 

personnel, which renders these soils incapable of retarding the downward flow of water and 

perching water in the upper layer.  Equally important, NRCS has classified the Essexville loamy 

sand and Wixom loamy sand as having high saturated hydraulic conductivity and the Tappan 

loam as having moderately high saturated hydraulic conductivity, which means that these soils 

are capable of transmitting significant quantities of water and cannot be defined as aquicludes.  

Based on the aforementioned NRCS data, and field surveys to confirm the NRCS data, there is 

no factual basis on which to conclude that these soils act as aquitards and perch water in the 

upper i2 inches of the soil column.  To the contrary, these data demonstrate that the soils in the 

farm fields are able to store water in soil pore space at a considerable depth below the top twelve 

inches relevant to determining the existence of wetland hydrology.  Moreover, the absence of an 
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aquitard in the upper 12 inches of soil is further confirmed by the existence of a tile drainage 

system approximately 24-30 inches below the surface that effectively drains water from the 

overlying soil. 

 

Pump Discharge 

The monthly volume of water pumped from the various farm fields is presented in Table 5.   

 

Table 5.  Volume of water pumped from drainage ditches at several farm fields. 

 

Field Location Volume of Water Pumped 

Sept., 2008-May, 2009 

(gallons) 

Volume of Water Pumped 

Sept., 2007-May, 2008 

(gallons) 

West of Jones Rd., 

Northern field 

4,470,000 2,560,000 

West of Jones 

Rd.,Southern field 

7,280,000* 5,110,000 

West of Boutell Road 930,000 1,500,000 

East of Jones Road 18,270,000 6,620,000 

East of Weadock 8,880,000 6,690,000 

* This value has been corrected due to mechanical failure of the pump. 

 

The period of pumping was selected because this period represents the months in Michigan when 

precipitation exceeds evapotranspiration, therefore, water may accumulate in the soil in the fields 

and drainage systems.  Generally, April and May are the months when soil moisture is relatively 

high compared to the summer months, therefore, an appropriate time to determine soil moisture 

conditions in the farm fields.    Using a period that starts in early spring is another conservative 

assumption for this model given that the existence of wetland hydrology is determined during the 

growing season, which does not start until roughly April 28 in Bay County, Michigan. 

 

Water Balance 

The water balance of these fields is influenced by the extensive and effective drainage system 

that has been installed and operated over the years.  In an unpumped condition, precipitation 

would percolate through the soil and collect in the drainage tiles and would drain by gravity into 

the perimeter drainage ditches.  As the drainage ditches fill with water, the water level would 

eventually rise to a level above the invert of the drainage tiles.  At this point the drainage tiles 

would fill with water as precipitation would continue to percolate through the soil into the 

drainage tile.  As the drainage tiles become saturated water would begin to accumulate in the soil 

both above and below the drainage tile.  Eventually, in the unpumped condition, water would fill 

the available pore space in the soil and, if there is a sufficient volume of unpumped water, 

completely saturate the upper soil.  When the upper soil profile, drain tiles and perimeter ditches 

are filled with water, the area would meet the hydrologic criteria for a wetland as long as the 

saturated condition persisted for 14 days during the growing season.  Therefore, if the volume of 

water pumped from the fields is more than the total volume stored in the tiles, drainage ditch and 

soil profile, then the area may exhibit wetland hydrology in the unpumped condition.  However, 

if the volume of water pumped from the fields is less than the volume stored in the drain tiles, 
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perimeter ditch and soil profile, then the unpumped condition does not exhibit wetland 

hydrology. 

 

This model looks at three storage components in each of the fields (Table 7).  Water is stored in 

the open drainage ditches, the subsurface drainage tiles, and the pore spaces of the soil.  The 

storage volume of the drainage ditches was estimated by measuring the length, width, and depth 

of the water level in the drainage ditches connected to the pumps.  The storage volume of the 

subsurface drainage tile was estimated by calculating the cross sectional area of the drainage pipe 

times the length of the drainage pipes in each field.  The length of the drainage tiles was 

estimated using aerial photographs. 

 

The amount of water stored in the soil at field capacity is referred to as the Available Water 

Supply (AWS).  NRCS has calculated the AWS for the soil types in the fields based on various 

depths of the soil profile (Table 6).  The AWS for Tappan loam, Essexville loamy sand and 

Wixom loamy sand was obtained from the NRCS and used to calculate the storage potential of 

the upper 40 inches of soil.  To calculate the weighted available water supply for each field, the 

percentage of each soil type in the field was calculated using NRCS soil survey data and a 

weighted available water supply was calculated based on the percentage of each soil type and the 

individual available water supply for each soil type.  The weighted available water supply for 

each field was used in the water balance model to determine the available water supply.  

 

Table 6.  The available water supply (AWS) in inches at various depths in the soil types 

found in the farm fields as obtained from the NRCS. 
 

Soil Series AWS 0-10 in. AWS 0-40 in AWS 0-60 in 

Essexville 

loamy sand 

1.10 4.81 8.4 

Wixom 

loamy sand 

 

1.10 4.73 8.3 

Tappan loam 2.00 6.93 10.4 

 

This model could have used a depth of 0-60 inches based on the 1984 Michigan Techological 

University soil study in Tuscola County, which observed various factors related to these soil 

types to a depth of 160 centimeters, which is roughly 63 inches.  However, the model used a 

depth of 0-40 inches in the water balance model because this depth represents the average 

rooting depths of the crops grown on the fields.   Corn and sugar beets tend to be fairly deep 

rooted crops and these are common crops on the fields.  Sugar beets and corn roots can extend 

six feet below the surface but the majority of the roots are concentrated in the upper 36-48 

inches.  In January 2010, the Michigan Department of Agriculture issued a document entitled 

Generally Accepted Agricultural and Management Practices for Irrigation Water Use.  In this 

report the following information regarding rooting depth of corn was provided: "Corn also 
has a very good branching root system and can effectively use water to a depth 
of four feet or more."   Soybean root systems tend to be somewhat shallower compared to 

corn and sugar beets, but they can penetrate to 36 inches.  Additionally, the model assumed that 

at the end of the growing season the soil would not have lost 100% of the available water supply.  
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Rather, a more conservative 75% of potential AWS was used based on the soil characteristics 

observed by ECT personnel in August 2009.  As Table 7 shows, even when the potential for 

water storage in the fields is reduced by using the layer 12-40-inch depth and a 75% of potential 

AWS, there is still substantial potential storage for water available in the top 12-40 inches of soil 

in the fields.   

 

The water balance model used in this analysis has several conservative assumptions incorporated 

into the model.  We assumed that the average water supply rooting depth was 40 inches which 

for some of the crops is an underestimate.  We assumed that there would be no groundwater 

recharge or percolation beyond the 40 inch depth if the pumped water were stored in the fields 

during the non-growing season.  We assumed that there would be no evaporation or 

evapotranspiration loss from the fields if the water were left on the fields.  We assumed that all 

of the pumps were operating efficiently all of the time despite observations to the contrary during 

site visits and that the portable pump used for two days in one of the fields operated at maximum 

efficiency although we were unable to confirm this assumption.  Finally, we modeled the water 

balance for the 2008-2009 seasons during which the precipitation levels were well above average 

without correcting for the unusually wet soil conditions. 

 

Table 7.  Available storage volume in the fields assuming a soil depth between 12 inches 

and 40 inches and 75% available water supply. 
 

Field Location Potential 

Drainage 

Ditch 

Volume 

(gallons) 

Potential 

Drainage 

Tile Volume 

(gallons) 

75 % of the Potential 

Available Water 

Supply (AWS) in the 

Soil between 12- 40 

inches (gallons) 

Total Potential 

Storage Volume 

(gallons) 

West of Jones Rd., 

Northern field 

2,430,000 70,000 6,240,000 8,740,000 

West of Jones 

Rd.,Southern field 

1,980,000 60,000 6,760,000 8,800,000 

West of Boutell 

Road 

720,000 20,000 3,970,000 4,710,000 

East of Jones 

Road 

4,820,000 50,000 19,310,000 24,180,000 

East of Weadock 4,000,000 90,000 11,590,000 15,680,000 

 

The difference between the storage volume available in each field and the volume of water 

pumped from the fields is a measure of the depth of saturation in each field.  Table 8 summarizes 

the volume of water pumped from each field versus the available storage volume available in the 

drainage system and subsurface soil between 12 and 40 inches of the surface.  If the volume of 

water that was pumped from each field is less than the storage volume of each field, then the 

field would not have been saturated within twelve inches of the surface and would not have met 

the definition of a wetland.  The data clearly show that the pumped volume was considerably less 

than the storage volume of each field; therefore the soil would not have been saturated to a depth 

or duration to satisfy the definition of wetland hydrology if the fields were in an unpumped 

condition during the growing season. 
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The water balance was calculated assuming that the total available storage volume was based on 

drain tiles, perimeter ditches, and available water supply in 12-40 inches of soil and that the 

initial available water supply in the soil was 75% of the total available water supply (Table 8).   

 

The results of the water balance with the conditions set at a 75% available water supply deficit 

and a depth to saturation of twelve (12) inches from the surface clearly show that, even with the 

conservative nature of the model, the pumped volume of water is not large enough to saturate the 

soil at a depth of twelve (12) inches from the surface.  If the water would not reach twelve inches 

below the soil surface, then it would not inundate or saturate the upper twelve inches and could 

not constitute wetland hydrology. 

 

Table 8.  Comparison of the storage volume available in each farm field assuming 75% 

available storage in the soil and a depth to saturation of 12 inches. 

Field Location Total Pumped 

Volume Sept., 

2008-May, 

2009 (gallons) 

Total Pumped 

Volume Sept., 

2007-May, 

2008 (gallons) 

Total Storage 

Available assuming 

75%AWS and 12-

40 inches of soil 

storage (gallons) 

Wetland Hydrology 

Status 

West of Jones 

Rd., Northern 

field 

4,470,000 2,560,000 8,740,000 Not saturated within 12 

in. of the surface 

West of Jones 

Rd.,Southern 

field 

7,280,000* 5,110,000 8,800,000 Not saturated within 12 

in. of the surface 

West of Boutell 

Road 

930,000 1,500,000 4,710,000 Not saturated within 12 

in. of the surface 

East of Jones 

Road 

18,270,000 6,620,000 21,630,000 Not saturated within 12 

in. of the surface 

East of Weadock 8,880,000 6,690,000 15,680,000 Not saturated within 12 

in. of the surface 
* This value has been corrected due to mechanical failure of the pump. 

 

Conclusion 

 

Using NRCS data and field investigations of soil conditions in the farm fields to confirm the 

NRCS, the soils lack evidence of an aquitard in the soil.  Indeed, the NRCS data show that the 

subsoil to a depth of three feet or more is between 40-50% sand for the Tappan loam and greater 

than 90% sand for the Essexville and Wixom loamy sands.  Moreover, the NRCS has classified 

the soils in the farm fields as having high to moderately high saturated hydraulic conductivity 

which indicates that the soils are not an aquitard and cannot perch water in the upper twelve 

inches of the soil profile.  

 

Using a hydrologic model based on a water balance approach that conservatively modeled the 

potential storage in ditches, drainage tiles and the upper 12-40 inches of soil, Consumers has 

shown that the pumped volume removed from farm fields would not have saturated the soils in 

the farm fields within 12 inches of the surface for 14 consecutive days during the growing 
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season.    This conservative analysis did not include water losses and storage associated with soil 

storage below 40 inches from the surface, loss to groundwater infiltration, evaporation and 

evapotranspiration, all of which would increase the depth to saturation had these factors, along 

with other conservative estimates of environmental conditions, been included.  In other words, 

even with the conservative nature of the model, this analysis supports the conclusion that the 

physical features, natural features, and natural water loss mechanisms have resulted in the long-

term effective drainage and historical elimination of characteristics that are essential to the 

determination that the fields are wetlands:  wetland hydrology and wetland vegetation.  The 

analysis used to reach this conclusion is supported by the materials cited, conservative 

assumptions regarding physical characteristics of the soil, the verification of pump flow rates, an 

additional site visit to confirm soil permeability, recent MDNRE guidance adopting similar 

calculations for use in permitting, as well as the prior converted cropland determination by the 

Natural Resources Conservation Service and a recent jurisdictional determination by the U.S. 

Army Corps of Engineers issued on January 6, 2010. 

   



 

 

 
 

13 

 

 

 

 

 

 

 

APPENDIX A 

Palmer Drought Index 



Index Category Level Condition 

-4.0 or less Extreme Drought 1 

-3.0 to -3.9 Severe Drought 2 

-2.0 to -2.9 Moderate Drought 3 

-1.9 to +1.9 Near Normal 4 

2.0 to 2.9 
Unusual Moist 
Spell 5 

3.0 to 3.9 Very Moist Spell 6 

4.0 and above Extremely Moist 7 

Week of Condition Level 

3-Jan 7 Extremely Moist 

10-Jan 7 Extremely Moist 

17-Jan 7 Extremely Moist 

24-Jan 7 Extremely Moist 

31-Jan 7 Extremely Moist 

7-Feb 7 Extremely Moist 

14-Feb 7 Extremely Moist 

21-Feb 7 Extremely Moist 

28-Feb 7 Extremely Moist 

7-Mar 7 Extremely Moist 

14-Mar 7 Extremely Moist 

21-Mar 7 Extremely Moist 

28-Mar 7 Extremely Moist 

4-Apr 7 Extremely Moist 

11-Apr 7 Extremely Moist 

18-Apr 7 Extremely Moist 

25-Apr 7 Extremely Moist 

2-May 7 Extremely Moist 

9-May 7 Extremely Moist 

16-May 7 Extremely Moist 

23-May 7 Extremely Moist 

30-May 7 Extremely Moist 

6-Jun 6 Very Moist Spell 

13-Jun 6 Very Moist Spell 

20-Jun 7 Extremely Moist 

27-Jun 7 Extremely Moist 

4-Jul 6 Very Moist Spell 

11-Jul 5 
Unusual Moist 
Spell 

18-Jul 7 Extremely Moist 

25-Jul 7 Extremely Moist 

1-Aug 7 Extremely Moist 

8-Aug 7 Extremely Moist 

15-Aug 7 Extremely Moist 

22-Aug 7 Extremely Moist 

29-Aug 7 Extremely Moist 

5-Sep 7 Extremely Moist 

12-Sep 6 Very Moist Spell 

19-Sep 6 Very Moist Spell 



26-Sep 6 Very Moist Spell 

3-Oct 7 Extremely Moist 

10-Oct 7 Extremely Moist 

17-Oct 7 Extremely Moist 

24-Oct 7 Extremely Moist 

31-Oct 7 Extremely Moist 

7-Nov 7 Extremely Moist 

14-Nov 7 Extremely Moist 

21-Nov 7 Extremely Moist 

28-Nov 7 Extremely Moist 

5-Dec 7 Extremely Moist 

12-Dec 7 Extremely Moist 

19-Dec 7 Extremely Moist 

26-Dec 7 Extremely Moist 
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APPENDIX B 

Soil Maps 
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Map Unit Legend

Bay County, Michigan (MI017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

17A Wixom loamy sand, 0 to 3 percent
slopes

2.8 3.8%

23 Tappan loam 70.7 96.2%

Totals for Area of Interest 73.5 100.0%

Soil Map–Bay County, Michigan SW Jones

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/8/2010
Page 3 of 3
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Map Scale: 1:4,480 if printed on A size (8.5" × 11") sheet.

The soil surveys that comprise your AOI were mapped at 1:20,000.

Please rely on the bar scale on each map sheet for accurate map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  UTM Zone 17N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Bay County, Michigan
Survey Area Data:  Version 7, Dec 14, 2009

Date(s) aerial images were photographed:  7/10/2005

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Bay County, Michigan (MI017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

16 Essexville loamy sand 57.7 71.7%

23 Tappan loam 22.8 28.3%

Totals for Area of Interest 80.5 100.0%

Soil Map–Bay County, Michigan West of Jones North

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/8/2010
Page 3 of 3
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Map Unit Legend

Bay County, Michigan (MI017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

16 Essexville loamy sand 6.3 4.9%

17A Wixom loamy sand, 0 to 3 percent slopes 1.5 1.2%

23 Tappan loam 120.0 93.6%

56 Dumps 0.4 0.3%

Totals for Area of Interest 128.3 100.0%

Soil Map–Bay County, Michigan E of Weadock
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Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
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Map Unit Legend

Bay County, Michigan (MI017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

16 Essexville loamy sand 43.4 17.8%

23 Tappan loam 200.2 82.2%

Totals for Area of Interest 243.5 100.0%
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Map Scale: 1:4,240 if printed on A size (8.5" × 11") sheet.

The soil surveys that comprise your AOI were mapped at 1:20,000.
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Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  UTM Zone 17N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.
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Survey Area Data:  Version 7, Dec 14, 2009
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Map Unit Legend

Bay County, Michigan (MI017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

16 Essexville loamy sand 0.0 0.1%

17A Wixom loamy sand, 0 to 3 percent slopes 4.3 9.8%

23 Tappan loam 39.3 90.1%

Totals for Area of Interest 43.6 100.0%

Soil Map–Bay County, Michigan w Boutell

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/24/2010
Page 3 of 3
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APPENDIX C 

Soil Survey & Map Unit Descriptions 

 

 



LOCATION WIXOM              MI 

Established Series 

Rev. DEH-WEF-MLK 

03/2000 

WIXOM SERIES 

 

The Wixom series consists of very deep, somewhat poorly drained soils formed in sandy 

material and the underlying loamy glacial till or lacustrine sediments. Permeability is rapid in the 

sandy materials and moderately slow in the loamy materials. Slopes range from 0 to 6 percent. 

Mean annual precipitation is about 30 inches, and mean annual temperature is about 46 degrees 

F.  

TAXONOMIC CLASS: Sandy over loamy, mixed, semiactive, mesic Alfic Epiaquods  

TYPICAL PEDON: Wixom loamy sand - on a north facing slope of 2 percent in a cultivated 

field. (Colors are for moist soil unless otherwise stated.)  

Ap--0 to 9 inches; very dark grayish brown (10YR 3/2) loamy sand, grayish brown (10YR 5/2) 

dry; weak fine granular structure; very friable; many roots; strongly acid; abrupt smooth 

boundary. (6 to 10 inches thick)  

E--9 to 14 inches; grayish brown (10YR 5/2) fine sand; single grain; loose; many roots; slightly 

acid; abrupt wavy boundary. (0 to 6 inches thick)  

Bs--14 to 22 inches; dark yellowish brown (10YR 4/4) fine sand; few fine distinct yellowish 

brown (10YR 5/6 and 5/8) iron accumulations; weak fine subangular blocky structure; friable; 

common roots; slightly acid; gradual wavy boundary. (4 to 30 inches thick)  

E`--22 to 29 inches; pale brown (10YR 6/3) fine sand; common medium distinct yellowish 

brown (10YR 5/6) and light gray (10YR 7/1) iron depletions; weak medium subangular blocky 

structure; very friable; few roots; slightly acid; abrupt wavy boundary. (0 to 8 inches thick)  

2Bt--29 to 34 inches; dark brown (7.5YR 4/4) sandy clay loam; common medium distinct strong 

brown (7.5YR 5/6 and 5/8) iron accumulations and pinkish gray (7.5YR 6/2) iron depletions; 

moderate medium angular blocky structure; firm; few roots; neutral; abrupt wavy boundary. (4 to 

14 inches thick)  

2C--34 to 60 inches; reddish brown (5YR 4/4) silty clay loam; common medium distinct 

yellowish red (5YR 5/6 and 5/8) and light reddish brown (5YR 6/4) iron accumulations; massive; 

firm; slight effervescence; moderately alkaline.  

TYPE LOCATION: Midland County, Michigan; about 1 mile southeast of Wixom Lake; 700 

feet south and 260 feet west of the northeast corner, sec. 9, T. 16 N., R. 1 E.  



RANGE IN CHARACTERISTICS: The depth to the 2Bt horizon ranges from 20 to 40 inches. 

The sandy part of the solum ranges from strongly acid to neutral. Gravel content ranges from 0 to 

5 percent throughout the pedon.  

Uncultivated areas have an A horizon, 1 to 4 inches thick, with hue of 10YR or 7.5YR, value of 

3, and chroma of 1 or 2. The Ap horizon has hue of 10YR, value of 2 to 4, and chroma of 1 or 2. 

The E horizon has hue of 10YR or 7.5YR, value of 5 to 7, and chroma of 1 or 2. The A and E 

horizons are sand, fine sand, loamy sand, or loamy fine sand.  

The Bs horizon has hue of 10YR to 5YR, value of 3 to 6, and chroma of 2 to 8. It is sand, fine 

sand, loamy sand, or loamy fine sand. Small fragments of ortstein are in the Bs horizons in some 

pedons.  

The E' horizon has hue of 10YR or 7.5YR, value of 5 or 6, and chroma of 2 to 4. It is sand, fine 

sand, loamy sand, or loamy fine sand. It is in thick coatings on faces of peds in the upper part of 

the 2Bt horizon in some pedons.  

The 2Bt horizon has hue of 10YR to 5YR, value of 4 or 5, and chroma of 2 to 4. It is silty clay 

loam, clay loam, sandy clay loam, loam, or silt loam.  

The 2C horizon has hue of 10YR to 5YR, value of 4 to 6, and chroma of 1 to 4. It is loam, clay 

loam or silty clay loam.  

COMPETING SERIES: There are no other series in this family.  

GEOGRAPHIC SETTING: Wixom soils are on till, outwash and lake plains. Slope gradients 

are dominantly 0 to 3 percent, but range from 0 to 6 percent. They formed in 20 to 40 inches of 

sandy sediments and in the underlying loamy till or lacustrine sediments. Mean annual 

precipitation ranges from 28 to 34 inches, and mean annual temperature ranges from 45 to 50 

degrees F.  

GEOGRAPHICALLY ASSOCIATED SOILS: Wixom soils are associated in the landscape 

with the Belleville, Ithaca, and Pipestone soils. The poorly drained Belleville soils are in a 

drainage sequence with the somewhat poorly drained Wixom soils. Ithaca soils are on areas 

where the sandy materials are less than 20 inches thick. The Pipestone soils are on areas where 

the sandy sediments are thicker than 40 inches.  

DRAINAGE AND PERMEABILITY: Somewhat poorly drained. Potential surface runoff 

negligible or very low. Permeability is rapid in the sandy material and moderately slow in the 

loamy material.  

USE AND VEGETATION: About 80 percent of this soil is cultivated or is in pasture. The 

remainder is in woodland. Corn, oats, wheat, and legume hay are the major crops. Native 

vegetation was mixed hardwood, predominantly American elm, white ash, and swamp white oak.  



DISTRIBUTION AND EXTENT: Southern half of Lower Michigan. The Wixom soils are of 

moderate extent.  

MLRA OFFICE RESPONSIBLE: Indianapolis, Indiana  

SERIES ESTABLISHED: Gratiot County, Michigan, 1975.  

REMARKS: Classification changed to agree with ST Issue #17 on 2 Sept 94 by CLG.  

Diagnostic horizons and features recognized in this pedon are:  

Ochric epipedon - the zone from the surface to 9 inches (Ap horizon);  

Albic horizon - the zones from 9 to 14 inches and 22 to 29 inches (E and E'  

horizons);  

Spodic horizon - the zone from 14 to 22 inches (Bs horizon);  

Argillic horizon - the zone from 29 to 34 inches (2Bt horizon).  
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LOCATION ESSEXVILLE         MI+MN 

Established Series 

Rev. WEF 

09/2004 

ESSEXVILLE SERIES 

 

The Essexville series consists of very deep, poorly drained and very poorly drained soils formed 

in 18 to 40 inches of sandy material overlying loamy glacial drift on lake plains and till plains. 

These soils have rapid permeability in the sandy material and moderately slow permeability in 

the loamy material. Slopes range from 0 to 2 percent. Mean annual precipitation is about 32 

inches, and mean annual temperature is about 47 degrees F.  

TAXONOMIC CLASS: Sandy over loamy, mixed, active, calcareous, mesic Typic 

Endoaquolls 

TYPICAL PEDON: Essexville loamy sand - on a nearly level area of 1 percent slope on a lake 

plain in an idle field. (Colors are for moist soils unless otherwise stated.) 

Ap--0 to 11 inches; black (10YR 2/1) loamy sand; dark gray (10YR 4/1) dry; few fine prominent 

dark brown (7.5YR 4/4) mottles; weak fine granular structure; very friable; common fine roots; 

slight effervescence; mildly alkaline; clear wavy boundary. (11 to 14 inches thick) 

Bg--11 to 16 inches; dark grayish brown (10YR 4/2) sand; few fine prominent dark brown 

(7.5YR 4/4) mottles; single grain; loose; few fine roots; slight effervescence; mildly alkaline; 

gradual irregular boundary. (0 to 10 inches thick) 

C--16 to 26 inches; pale brown (10YR 6/3) sand; few fine prominent strong brown (7.5YR 5/6) 

and few fine distinct brownish yellow (10YR 6/6) mottles; single grain; loose; few fine roots; 

slight effervescence; mildly alkaline; abrupt smooth boundary. (0 to 18 inches thick) 

2Cg1--26 to 46 inches; grayish brown (10YR 5/2) loam; few fine distinct yellowish brown 

(10YR 5/4) and few fine faint gray (l0YR 6/1) mottles; massive; friable; slight effervescence; 

mildly alkaline; clear wavy boundary. (0 to 30 inches thick) 

2Cg2--46 to 60 inches; gray (10YR 6/1) loam; common medium prominent yellowish brown 

(10YR 5/6) and few medium faint grayish brown (10YR 5/2) mottles; massive; friable; strong 

effervescence; moderately alkaline. 

TYPE LOCATION: Bay County, Michigan; about 6 miles east and 1 mile south of Essexville; 

300 feet north and 1,215 feet west of the center of sec. 25, T. 14 N., R. 6 E. 



RANGE IN CHARACTERISTICS: The depth to the 2C horizon ranges from 18 to 35 inches. 

The depth to effervescence ranges from 0 to 10 inches. Rock fragment content ranges from 0 to 

15 percent in the A, B and C horizons and from 0 to 5 percent in the 2C horizons. 

The Ap horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2. Uncultivated areas have 

10YR hue, value of 2 or 3, and chroma of 1, or is neutral. In some pedons the lower part of the 

mollic epipedon has distinct or prominent mottles. A horizons are sand, fine sand, loamy sand, 

loamy fine sand, or sandy loam. 

The B horizon has 10YR or 2.5Y hue, value of 4 to 6, and chroma of 1 or 2. It is sand, fine sand, 

loamy sand, or loamy fine sand. 

The C horizon has hue of 5Y to 10YR, value of 4 to 6, and chroma of 1 to 4. In many pedons this 

horizon is mottled. Chromas of 2 are a result of uncoated mineral grains in pedons that do not 

have mottles. The C horizon is sand, fine sand, loamy sand, or loamy fine sand. 

The 2C horizon has hue of 5Y to 5YR, value of 4 to 6, and chroma of 1 to 4. It is loam, clay 

loam, or silty clay loam. 

COMPETING SERIES: There are no competing series. Closely related is the Belleville series. 

Belleville soils do not have effervescence in the 10 to 20 inch zone. 

GEOGRAPHIC SETTING: Essexville soils are on lake plains and till plains of Wisconsinan 

age. Slopes range from 0 to 2 percent. They formed in 18 to 40 inches of sandy material 

overlying loamy glacial drift. Mean annual temperature ranges from 45 to 52 degrees F. Mean 

annual precipitation is 29 to 37 inches. 

GEOGRAPHICALLY ASSOCIATED SOILS: Essexville soils are associated with the poorly 

drained Tappan and Kingsville soils, the poorly drained and very poorly drained Belleville soils, 

and the somewhat poorly drained Wixom soils. Tappan soils are fine-loamy. Kingsville soils are 

sandy and noncalcareous. Wixom soils are noncalcareous and do not have mollic epipedons. 

DRAINAGE AND PERMEABILITY: Poorly and very poorly drained. Surface runoff is very 

slow or ponded. Permeability is rapid in the upper sandy horizons and moderately slow in the 2C 

horizons. 

USE AND VEGETATION: Most areas are cultivated. Beans, corn, sugar beets, potatoes, and 

small grain are the principal crops. A few areas of these soils are in idle land or woodland. 

Wooded areas are chiefly lowland hardwoods. 

DISTRIBUTION AND EXTENT: Saginaw Valley and Thumb Area of Lower Michigan and 

possibly Minnesota. The series is of small extent. 

MLRA OFFICE RESPONSIBLE: Indianapolis, Indiana 

SERIES ESTABLISHED: Bay County, Michigan; 1930. 



REMARKS: Classification was adjusted to agree with ST Issue #17 on 6 Sept 94 by CLG. 

Diagnostic horizons and features recognized in this pedon are: mollic epipedon - the zone from 

the surface to 11 inches (Ap horizon); aquic soil moisture regime. 
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LOCATION TAPPAN             MI 

Established Series 

Rev. LHL-WEF-MLK 

01/2001 

TAPPAN SERIES 

 

The Tappan series consists of poorly drained soils formed in calcareous loam till on till plains 

and moraines. Permeability is moderate or moderately slow in the solum and slow in the C 

horizon. Slope gradients range from 0 to 2 percent. Mean annual precipitation is 32 inches, and 

mean annual temperature is about 47 degrees F.  

TAXONOMIC CLASS: Fine-loamy, mixed, active, calcareous, mesic Typic Endoaquolls 

TYPICAL PEDON: Tappan loam - on a nearly level area of 1 percent on till plain cropped to 

navy beans. (Colors are for moist soil unless otherwise stated.) 

Ap--0 to 11 inches; very dark grayish brown (10YR 3/2) loam, grayish brown (10YR 5/2) dry; 

weak coarse granular structure; friable; few fine roots; about 1 percent gravel; slight 

effervescence; moderately alkaline; abrupt smooth boundary. (8 to 12 inches thick) 

A--11 to 13 inches; very dark grayish brown (10YR 3/2) loam, grayish brown (10YR 5/2) dry; 

weak medium subangular blocky structure; friable; few fine roots; about 2 percent gravel; slight 

effervescence; moderately alkaline; abrupt wavy boundary. (0 to 4 inches thick) 

Bg1--13 to 15 inches; light brownish gray (10YR 6/2) (50 percent) and gray (10YR 5/1) (50 

percent) loam; few fine prominent yellowish brown (10YR 5/6) mottles; weak medium 

subangular blocky structure; friable; few fine roots; about 5 percent gravel and cobbles; slight 

effervescence; moderately alkaline; clear wavy boundary. 

Bg2--15 to 21 inches; grayish brown (10YR 5/2) (60 percent) and dark yellowish brown (10YR 

4/4) (40 percent) silt loam; few fine distinct yellowish brown (10YR 5/6) mottles; moderate fine 

angular blocky structure; friable; about 6 percent gravel and cobbles; strong effervescence; 

moderately alkaline; clear wavy boundary. 

Bg3--21 to 31 inches; gray (10YR 5/1) loam; common medium prominent yellowish brown 

(10YR 5/6) and few fine prominent strong brown (7.5YR 5/6) mottles; moderate thick platy 

structure parting to moderate angular blocky; firm; about 4 percent gravel and cobbles; strong 

effervescence; moderately alkaline; gradual wavy boundary. (Combined thickness of the Bg 

horizon is 3 to 25 inches.) 

C1--31 to 48 inches; yellowish brown (10YR 5/4) loam; common medium distinct gray (10YR 

5/1) and common fine distinct yellowish brown (10YR 5/6) mottles; weak coarse angular blocky 



fragments; firm; about 4 percent gravel and cobbles; strong effervescence; moderately alkaline; 

gradual smooth boundary. 

C2--48 to 60 inches; yellowish brown (10YR 5/4) loam; few fine distinct yellowish brown 

(10YR 5/6) and few medium distinct light gray (10YR 6/1) mottles; weak thick platy fragments; 

firm; about 4 percent gravel and cobbles; strong effervescence; moderately alkaline. 

TYPE LOCATION: Huron County, Michigan; about 4 miles west and 1 mile south of 

Owendale; 152 feet south and 2,340 feet west of the northeast corner, sec. 19, T. 15 N., R. 10 E. 

RANGE IN CHARACTERISTICS: Solum thickness ranges from 11 to 36 inches. The mollic 

epipedon ranges from 8 to 14 inches in thickness. The surface 10 inches is mildly alkaline 

without effervescence in some pedons. Gravel and cobble content throughout the profile ranges 

from 1 to 10 percent. 

The A horizons have hue of 10YR, value of 2 or 3, and chroma of 1 or 2. They are loam, sandy 

loam, mucky loam, or mucky silt loam. Some pedons have a thin loamy sand surface layers. 

The Bg horizons have hue of 5Y to 10YR, value of 4 to 6, and chroma of 1 or 2. The texture is 

dominantly loam or clay loam, but textures of silt loam or sandy loam are found in the upper part 

of the Bg horizon in some pedons. 

The C horizons have hue of 7.5YR to 5Y, value of 4 to 6, and chroma of 1 to 4. It is loam, silt 

loam, silty clay loam, or clay loam. Consistence is firm or very firm. 

COMPETING SERIES: There are no competing series. Closely related are the Canisteo, Hetz, 

Hooppole, Jeffers, Kish and Tilfer series. These soils are superactive. Also, Canisteo and Kish 

soils have thicker mollic epipedons. Hetz soils are in areas receiving less precipitation. Hooppole 

soils have sand within 40 to 60 inches. Jeffers soils contain gypsum in their solum and are found 

in areas receiving less precipitation. Tilfer soils have limestone bedrock within 40 inches. 

GEOGRAPHIC SETTING: Tappan soils are on nearly level and depressional areas of till 

plains and moraines. Slopes range from 0 to 2 percent. They formed in calcareous loam till of 

Wisconsinan Age. Mean annual temperature ranges from 44 to 48 degrees F. Mean annual 

precipitation ranges from 28 to 36 inches. 

GEOGRAPHICALLY ASSOCIATED SOILS: Tappan soils are associated with the poorly 

drained Parkhill soil and the somewhat poorly drained Londo and Corunna soils. Parkhill, 

Londo, and Corunna soils are more deeply leached. 

DRAINAGE AND PERMEABILITY: Poorly drained. Potential for surface runoff is medium 

or high. Surface runoff is slow to ponded. Permeability is moderate or moderately slow in solum 

and slow in C horizon. 

USE AND VEGETATION: Soils are mostly cultivated. Corn, sugar beets, beans, and small 

grain are the principal crops. 



DISTRIBUTION AND EXTENT: Thumb area and east-central part of Lower Michigan. The 

series is of large extent. 

MLRA OFFICE RESPONSIBLE: Indianapolis, Indiana 

SERIES ESTABLISHED: Sanilac County, Michigan, 1955. The source of the name is a local 

road. 

REMARKS: Classification changed to agree with ST Issue #17 on 2 Sept 94 by CLG. 

Diagnostic horizons and features recognized in this pedon are: mollic epipedon - the zone from 

the surface to 13 inches (Ap and A horizons); cambic horizon - the zone from 13 to 31 inches 

(Bg1, Bg2, Bg3 horizons); aquic soil moisture regime; calcareous feature - effervescence 

throughout control section. 
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Bay County, Michigan

23—Tappan loam

Map Unit Setting
Elevation: 580 to 820 feet
Mean annual precipitation: 30 to 32 inches
Mean annual air temperature: 45 to 47 degrees F
Frost-free period: 157 to 198 days

Map Unit Composition
Tappan and similar soils: 85 percent
Minor components: 15 percent

Description of Tappan

Setting
Landform: Flats on till plains, depressions on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy till

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water

(Ksat): Moderately high (0.20 to 0.60 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Calcium carbonate, maximum content: 35 percent
Available water capacity: High (about 10.9 inches)

Interpretive groups
Land capability (nonirrigated): 2w

Typical profile
0 to 10 inches: Loam
10 to 13 inches: Loam
13 to 29 inches: Clay loam
29 to 34 inches: Loam
34 to 42 inches: Loam
42 to 80 inches: Loam

Minor Components

Londo
Percent of map unit: 7 percent
Landform: Knolls on till plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Convex

Map Unit Description: Tappan loam–Bay County, Michigan East of Weadock

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/8/2010
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Belleville
Percent of map unit: 4 percent
Landform: Depressions on till plains, flats on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear

Poseyville
Percent of map unit: 4 percent
Landform: Knolls on till plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Convex

Data Source Information

Soil Survey Area:  Bay County, Michigan
Survey Area Data:  Version 7, Dec 14, 2009

Map Unit Description: Tappan loam–Bay County, Michigan East of Weadock

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Bay County, Michigan

16—Essexville loamy sand

Map Unit Setting
Elevation: 570 to 600 feet
Mean annual precipitation: 31 to 31 inches
Mean annual air temperature: 46 to 47 degrees F
Frost-free period: 157 to 198 days

Map Unit Composition
Essexville and similar soils: 85 percent
Minor components: 15 percent

Description of Essexville

Setting
Landform: Drainageways, flats on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy glaciofluvial and/or glaciolacustrine deposits

over loamy till

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water

(Ksat): Moderately high to high (0.20 to 2.00 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Calcium carbonate, maximum content: 35 percent
Available water capacity: Moderate (about 8.4 inches)

Interpretive groups
Land capability (nonirrigated): 3w

Typical profile
0 to 11 inches: Loamy sand
11 to 16 inches: Sand
16 to 26 inches: Sand
26 to 46 inches: Loam
46 to 80 inches: Loam

Minor Components

Tappan
Percent of map unit: 8 percent
Landform: Drainageways, flats on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear

Map Unit Description: Essexville loamy sand–Bay County, Michigan East of Weadock

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Wixom
Percent of map unit: 7 percent
Landform: Knolls on till plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Convex

Data Source Information

Soil Survey Area:  Bay County, Michigan
Survey Area Data:  Version 7, Dec 14, 2009

Map Unit Description: Essexville loamy sand–Bay County, Michigan East of Weadock

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Bay County, Michigan

17A—Wixom loamy sand, 0 to 3 percent slopes

Map Unit Setting
Elevation: 580 to 820 feet
Mean annual precipitation: 30 to 32 inches
Mean annual air temperature: 45 to 48 degrees F
Frost-free period: 157 to 198 days

Map Unit Composition
Wixom and similar soils: 90 percent
Minor components: 10 percent

Description of Wixom

Setting
Landform: Knolls on till plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Sandy glaciofluvial deposits and/or glaciolacustrine

deposits over loamy till

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water

(Ksat): Moderately high to high (0.20 to 2.00 in/hr)
Depth to water table: About 6 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 35 percent
Available water capacity: Moderate (about 8.3 inches)

Interpretive groups
Land capability (nonirrigated): 3w

Typical profile
0 to 9 inches: Loamy sand
9 to 11 inches: Sand
11 to 19 inches: Sand
19 to 26 inches: Sand
26 to 32 inches: Loam
32 to 80 inches: Loam

Minor Components

Londo
Percent of map unit: 6 percent
Landform: Knolls on till plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear

Map Unit Description: Wixom loamy sand, 0 to 3 percent slopes–Bay County,
Michigan

East of Weadock
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Across-slope shape: Convex

Belleville
Percent of map unit: 2 percent
Landform: Depressions on till plains, flats on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear

Tappan
Percent of map unit: 2 percent
Landform: Flats on till plains, depressions on till plains
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear

Data Source Information

Soil Survey Area:  Bay County, Michigan
Survey Area Data:  Version 7, Dec 14, 2009

Map Unit Description: Wixom loamy sand, 0 to 3 percent slopes–Bay County,
Michigan

East of Weadock
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